Deficits in executive function (EF) have been proposed as a possible explanation for the "cognitive rigidity" often observed in suicidal individuals. This article provides a systematic review of the existing literature testing relations between EF and suicidality, across various diagnostic and demographic populations, using the influential multidimensional model of EF proposed by Miyake and colleagues (2000) as an organizing framework. Forty-three journal articles on this topic published before January of 2014 were reviewed. Collectively, results from these studies provide tentative support for an association between EF deficits and suicidality. However, there is some evidence that this association is moderated other factors (e.g., suicide attempt lethality). Importantly, this relationship may vary across diagnostic groups. Specifically, more studies that used depressive disorder samples reported some positive findings (75%), followed by mixed diagnostic samples (54%). In contrast, fewer positive findings have emerged from studies with bipolar or psychotic disorder samples (29% and 33% respectively), and some even found that suicidality is associated with better EF in individuals with psychotic disorders. Firm conclusions about relationships between specific dimensions of EF and/or aspects of suicidality are difficult to draw this time. Limitations of the existing literature and corresponding directions for future research are discussed. 
Despite major advances in the available options to treat mental health problems over the last several decades (e.g. cognitive-behavioral therapies, new psychotropic medications), rates of suicide (i.e., intentional self-inflicted death) have not decreased appreciably (see Centers for Disease Control and Prevention [CDC], 2014 and Kessler et al., 2005) . At least in part, this discrepancy highlights the need to develop a better understanding of factors that contribute to risk for suicide (see Nock et al., 2008) . To achieve this, we need more and stronger research on what makes people attempt to end their own lives, prepare to do so, and/or think about doing so (which we collectively refer to as 'suicidality' throughout this review), beyond these phenomena simply being considered consequences (or even symptoms) of mental illness.
For several decades, clinicians and theorists have argued that suicidal individuals are characterized by "cognitive rigidity" (e.g., Neuringer, 1964; Patsiokas et al., 1979) . However, given the abstractness of this construct, it has been conceptualized and operationalized in a variety of different ways (King et al., 2000) . As a result, this idea has proven difficult to evaluate scientifically, and early empirical findings were mixed (see Arffa, 1983 for a review). Drawing upon cognitive and neuropsychological theories and research, some now argue that this apparent rigidity could reflect deficits in executive function (EF; e.g., see King et al., 2000 and Keilp et al., 2001) . In fact, cognitive deficits in domains such as EF have been proposed as candidate "endophenotypes" for research on the genetics of suicide (Mann et al., 2009 ).
Broadly speaking, EF involves the effortful guidance of behavior towards some sort of goal state (Banich, 2009) . But the pursuit of goals can be quite complex, and in fact research and theorizing suggests that EF is multidimensional (e.g., Baddeley, 1996; Burgess et al., 1998; Fisk & Sharp, 2004; Kerns et al., 2008) . According to a highly influential model/framework proposed by Miyake and colleagues (e.g., Miyake, Friedman, Emerson, Witzki, & Howerter, 2000) , which was developed based on an extensive review of the EF literature as well as sophisticated psychometric research, goal-oriented behavior relies heavily upon three distinguishable abilities or "functions": 1) avoiding/suppressing habitual or "pre-potent" responses (i.e., inhibition); 2) switching between tasks or mental "sets" (i.e., shifting); and 3) monitoring/controlling the contents of working memory (i.e., updating). These abilities regulate lower-order cognitive processes (e.g., perception, motor responses), are particularly important in non-routine situations, and rely heavily upon the prefrontal cortex (see Alvarez & Emory, 2006 and Banich, 2009) . Further, there is emerging evidence that individual differences in these abilities have important and wide-reaching psychological and behavioral consequences (see Miyake & Friedman, 2012) .
There are several reasons why deficits in EF might contribute to suicide risk. Generally speaking, EF deficits can lead to a wide range of difficulties regulating one's emotions, thoughts, and actions, which in turn might culminate in suicidal thinking and/or behavior. For example, people with deficits in EF (and perhaps specifically, in shifting) may have more difficulty controlling thoughts about self-harm and/or switching to more positive or adaptive forms of coping in response to stress. In line with this idea, suicidality is associated with the tendency to ruminate (e.g., Miranda et al., 2007) and impaired social problem solving (e.g., Pollock & Williams, 2004) , as are EF deficits (e.g., Davis & Nolen-Hoeksema, 2000; Muscara et al., 2008) . Also, deficits in EF (and perhaps specifically, in updating) may lead to difficulty retrieving memories of episodes from the past (e.g., Williams, 2006) , which in turn leads to difficulty imagining possible future outcomes (see Williams et al., 1996) and thus might contribute to hopelessness (a robust predictor of suicidal behavior; see Beck et al., 2006) . Further, people with EF (or more specifically, inhibition) deficits might have difficulty resisting the urge to act on thoughts about self-harm when they occur. In fact, both impaired EF and suicidality are associated with difficulties in decision making (e.g., Brand et al., 2007; Jollant et al., 2005) and impulsivity (e.g., Logan et al., 1997; McGirr et al., 2008) . Additional indirect evidence to support a relationship between deficits in EF and suicidality include: 1) established EF deficits in a number of different psychological disorders that are associated with increased suicide risk (e.g., depression -Snyder, 2013; schizophrenia -Kerns et al., 2008 ; see Harris & Barraclough, 1997) ; and 2) structural and functional abnormalities in the prefrontal cortex associated with suicidality (e.g., Audenaert et al., 2002; Oquendo et al., 2003; see Jollant et al., 2011) .
On the other hand, there are also some reasons to predict that EF deficits might not be linked to suicidality, or could even be a protective factor. For example, EF deficits might undermine one's ability to plan and/or carry out a suicide attempt. Perhaps in line with this reasoning, most evidence suggests that dementia is not associated with a general increase in suicide risk (see Harris & Barraclough, 1997 and Haw et al., 2009 ; but for some conflicting evidence, see Erlangsen et al. 2008) , which is noteworthy given that impaired EF is a diagnostic feature of dementia (APA, 2013) . In fact, some have proposed that amongst those with dementia, risk for suicide might be highest in those with preserved EF (e.g., Cohen et al., 1998 ; see also Haw et al., 2009) . Further, there is some evidence that (general) cognitive impairments are not associated with suicide risk in elderly populations (Turvey et al., 2002) , and are inversely associated with planning in those who do make a suicide attempt (Conner et al., 2007) . Finally, from a methodological standpoint, it is important to consider that any EF deficits observed in suicidal individuals could be linked to the psychological distress/ disorders they are experiencing, rather than their suicidality per se (given the wellestablished links between impaired EF and many forms of psychopathology).
Notably, like EF, suicidality is not a monolithic construct (see Wedig & Weinstock, 2012 and Wenzel, Brown, & Beck, 2007 for discussions) . At the broadest level, it can be important to distinguish between suicidal thinking (i.e., ideation) and behavior (e.g., attempted suicide), as these aspects of suicidality may be differentially associated with EF. For example, deficits in inhibition (which have been linked with impaired impulse control; e.g., see Logan et al., 1997) may be associated with suicide attempts, whereas shifting deficits (which have been linked with ruminative thinking; e.g., see Davis & Nolen-Hoeksema, 2000) may be associated with ideation. In fact, even finer distinctions might prove to be important when exploring the relationship between EF and suicidality (e.g., passive vs. active ideation, impulsive vs. planned attempts). Finally, EF deficits may be differentially predictive of attempted suicide and death by suicide.
EF (using Miyake and colleagues' [2000] model as an organizing framework) and/or aspects of suicidality. While some related reviews have been published, they have been broader in scope, narrower in scope, or both (e.g., Jollant et al., 2011; Richard-Devantoy et al., 2014a , 2014b . For example, Richard-Devantoy and colleagues (2014a) recently published a metaanalysis examining neurocognitive deficits associated with suicidality, including (but not limited to) EF deficits. However, this review only examined this relationship in samples of adults with mood disorders, and (because it was a meta-analysis) only included data from behavioral tasks that had been administered in at least three studies. Reviewing work on this topic across diverse samples should foster more definitive conclusions about the proposed link between EF and suicidality (and in turn, whether EF could influence risk for becoming suicidal). Conversely, exploring potential unique links between established domains of EF and/or suicidality will inform theorizing (e.g., about putative mechanisms), and in turn possible clinical applications. Based on the nature and breadth of these research questions as well as our preliminary review of the literature, we expected there to be a great deal of heterogeneity in the studies we would include. Thus, to fully capture and interrogate this heterogeneity, we chose to conduct a systematic qualitative review (as opposed to a quantitative review; i.e., meta-analysis). Nevertheless, information about effect sizes will be presented and discussed when available.
Methods

Literature search process/parameters
We conducted systematic literature searches using PsycINFO and PubMed, combining the search terms "executive function" AND "suicide" OR "suicidal." To ensure comprehensiveness, we also: 1) searched through reference lists of articles we found; 2) conducted follow-up searches using other words/phrases that are sometimes considered synonymous with EF (e.g., "cognitive control", "neurocognitive deficits"), as well as specific EF domains (e.g., "inhibition", "working memory") and tasks (e.g., "Wisconsin Card Sort", "Stroop"); and 3) conducted follow-up searches using Google Scholar (given the broad scope of this search engine). Initial searches were conducted in January of 2014, so only articles that were published by this date are included.
Study inclusion/exclusion criteria
Abstracts were reviewed and selected based on items from the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) checklists, which describe information that should be included in reports on empirical studies of this sort. When necessary to collect additional details pertinent to study inclusion/exclusion (discussed more below), Methods sections were examined. Final determinations were made through consensus by the authors.
One inherent challenge in reviewing literature on EF is that this construct has been defined and operationalized in a number of different ways (see Jurado & Rosselli, 2007) , and often very broadly. Both for practical purposes and following the Miyake et al. framework, we chose to adopt a relatively narrow operational definition of EF, excluding more basic/ automated cognitive functions (e.g., information processing, semantic memory) thought to be regulated by EF. Similarly, we distinguished between EF and other higher-order cognitive processes (which may be supported in part by EF, yet can be considered distinct constructs), most notably decision making and divergent thinking. As a result, we planned to exclude data from tasks designed to measure these other constructs (e.g., Wechsler intelligence and memory scales, the Iowa Gambling Task, the Alternate Uses Test; for evidence to support these decisions, see Ardila et al., 1998 , Gilhooly et al., 2007 , Richard-Devantoy et al., 2013a , and Toplak et al., 2010 . Importantly, although we drew upon the Miyake et al. model to help us operationalize EF in a precise fashion, we did not limit our review to measures known to tap the dimensions of EF from that framework -rather, we also include other widely accepted measures of EF, such as fluency and tower tasks (following Snyder, 2013, a review paper on EF and depression that also utilized the Miyake framework). Conversely, this guiding framework did lead us to include some performance tasks/indices that are not always conceptualized as measures of EF, such as the color-word Stroop paradigm (sometimes characterized as a selective attention measure) and commission errors from continuous performance tasks (sometimes considered a behavioral measure of impulsivity). Also following Snyder (2013) , we only planned to review data from tasks that used emotional neutral stimuli, to avoid confounding EF and emotional processing.
In contrast, we employed a relatively broad operational definition of 'suicidality', which included suicidal thinking and behavior of various forms and levels of severity. However, we did not plan to include articles that focused exclusively on individuals who are at risk for suicide (e.g., based on family history; McGirr et al., 2012a) but never engaged in any suicidal thinking or behavior. Further, we did not include studies focused exclusively on non-suicidal self-injury (NSSI; e.g., Fikke et al., 2011) , or self-harm more broadly (e.g., Young et al., 2006) . Finally, a few articles have explored potential cognitive consequences of specific suicide attempt methods (e.g., carbon monoxide poisoning; Hay et al., 2002) , which we did not plan to review primarily since the overarching motivation for our paper was to examine EF as a factor that could influence risk for suicidality.
In summary, to be included in our review, the study needed to: 1) directly assess EF, as operationalized above; 2) collect information about some form of suicidality, as reflected in the measures described or clearly implied in group inclusion criteria; and 3) directly examine and report on the relationship between the two (e.g., correlations between measures, comparisons with an appropriate control group). Consistent with the goals of our paper, we did not plan to exclude studies based on any characteristics of the sample (e.g., age, primary diagnosis).
Follow-up analyses
In support of the secondary goal of our paper, we planned to categorize each EF measure administered in every study (following Snyder, 2013) , using available evidence to identify a specific EF dimension within the Miyake et al. framework that it predominantly maps onto (inhibition, shifting, or updating) . This allowed us to review and integrate findings within each of these dimensions, in order to explore whether the relationship between EF and suicidality might vary across them, and in a manner that should minimize the influence of task-specific confounds (i.e., "task impurity" -see Miyake et al., 2000) . Of note, while we focus on dimensions of EF from the Miyake et al. framework, we also planned to provide Bredemeier and Miller Page 5 Clin Psychol Rev. Author manuscript; available in PMC 2016 October 14.
sufficient methodological details from each study to permit other follow-up analyses (e.g., applying alternative EF models, focusing on specific EF measures).
We initially considered doing the same with regard to separate aspects of suicidality, but discovered in our preliminary review of the literature that: 1) a bulk of the studies focused exclusively on attempted suicide; and 2) of those that did assess and examine other aspects of suicidality (e.g., suicidal ideation), many did so in such a way that would not facilitate such comparisons (e.g., grouping together individuals with a history of suicide attempts and ideation). Thus, we decided that attempting to systematically examine findings within different aspects of suicidality would not be sufficiently informative at this time.
Results
A flow chart that summarizes our literature search process and results is presented in Figure  1 . As shown in this figure, a total of 43 peer-reviewed journal articles published before January of 2014 were located and reviewed (20 identified through our primary searches, and 23 through secondary search processes). Two unpublished dissertations abstracts on the topic were identified (McCarthy, 2002; Wyatt, 2004) , along with one book chapter that presented data (Claes et al., 2012) and one journal article not published in English (Gharaipoor et al., 2007) . These studies are not included in our review for practical purposes, but careful reading of their abstracts suggested that doing so would not have altered our conclusions in any meaningful way. One article was excluded because it only reported data from an EF task as part of a composite measure of 'neurobehavioral disinhibition' (which also included measures of temperament, etc.; Tarter et al., 2004) , another combined suicide attempts and NSSI "episodes" (Miller et al., 2012) , and one did not provide sufficient details about the neuropsychological assessment to determine if the EF measure met our inclusion criteria (Machado et al., 2011) . Of note, just two studies were excluded altogether because they only examined measures that tap (cognitive) constructs we consider distinct from EF (Clark et al., 2011 and Jollant et al., 2005 , both of which focused on decision making). However, data from some tasks within a majority of the studies we review below were excluded for this reason (note that many were being used as control measures).
Only two of the studies included in our review were published prior to (Bartfai et al., 1990 Ellis et al., 1992) Arbuthnott & Frank, 2000) . Not surprisingly, a number of studies administered measures of fluency (e.g., verbal fluency, design fluency) -while these tasks are widely used to study EF, they have not been shown to map onto any specific dimension within the Miyake et al. model, and thus were placed into their own category (following Snyder, 2013) . Other EF measures administered in these studies that have not been linked to a particular EF dimension and/or seem to measure multiple dimensions were placed into a miscellaneous category -decisions about inclusion/exclusion regarding each of these measures were made carefully (but conservatively, erring on the side of inclusion) based on a review of available psychometric data, examination of task instructions/stimuli, and in one case (Dougherty et al., 2004) , consultation with a neuropsychologist.
The key methods (including our categorical coding of each EF measure) and findings from all of these studies are summarized in Table 1 (for more detailed summaries, see Table A .1 in the Appendix). For both practical and substantive reasons, the tables are organized based on the diagnostic makeup of the study sample (as is the rest of this section). However, a number of studies (including some of the earliest ones published) did not focus on a single diagnostic group or category, so findings from these studies are summarized together first.
Mixed diagnostic samples
It is well established that psychological distress/disorders confer risk for suicide (e.g., see Beautrais et al., 1996 and Bertolote et al., 2004) . In light of this, 14 of the studies we reviewed examined relations between EF and suicidality in diagnostically heterogeneous groups of individuals receiving psychiatric treatment. It is noteworthy (though expected, given diagnostic base rates) that these samples consisted largely of individuals with unipolar mood (i.e., depressive) disorders, at least among those reporting diagnostic information.
Most of these studies used the same basic research design -"cases" were recruited on the basis of having some history of suicidality (usually a past suicide attempt), and control participants were recruited that did not have any history of suicidality. Some but not all of these studies used a psychiatric control group (i.e., individuals with a history of psychiatric difficulties and/or treatment but not suicidality), in addition to (or instead of) "healthy" controls. Only two of these studies (Ayalon et al., 2009; Chamberlain et al., 2013) examined whether EF predicted suicidality in samples that were not initially recruited on the basis of suicidality history. Further, Burton and colleagues (2011) compared EF in inpatients being treated for a recent suicide attempt or suicidal ideation, and thus did not include controls without a history of suicidality (so these results are not included in percentage calculations presented in the next two paragraphs).
Of these (13) studies, 7 (54%) found some evidence that deficits in EF are (significantly) associated with greater suicidality (Bartfai et al., 1990; Dougherty et al., 2004; Horesh, 2001; Loyo et al., 2013; Miranda et al., 2012 Miranda et al., , 2013 Raust et al., 2007) . Not surprisingly, the percentage was somewhat lower when focusing on comparisons with psychiatric controlsspecifically, 3 of 8 studies (38%) found evidence for significantly worse EF in patients with suicidality relative to control patients without suicidality (Dougherty et al., 2004; Horesh, 2001; Loyo et al., 2013) . Amongst the studies that did not find any evidence for a direct association between EF and suicidality, it is important to note that two had questionable statistical power -specifically, Ellis and colleagues (1992) used a small sample, whereas Chamberlain and colleagues (2013) had a relatively low base rate of participants with significant suicidality histories (e.g., suicide attempts) in their sample. Further, two of these studies (Ayalon et al., 2009; Dougherty et al., 2009 ) reported group differences that bordered on statistical significance (ps < .1), and one (Dour et al., 2011) found a significant interaction between EF and levels of self-reported emotional reactivity predicting suicide attempts in the past year.
Amongst the studies with positive findings that reported information about effect size(s), the magnitude of the observed relationships varied considerably. More importantly, the majority of these studies reported some null findings -that is, most studies administered multiple measures of EF but only found positive results for some (see Table 1 ). In order to look for potential patterns in this variability, and in line with the second goal of this review, we examined whether the percentages of studies reporting positive results might differ when focusing on measures of specific EF dimensions (inhibition, shifting, updating, and fluency). Amongst this set of studies (that used mixed diagnostic samples), the percentage with positive results was the same for measures of shifting and inhibition (50%). Fewer (3) studies measured fluency, and only one (Barfai et al., 1990) reported any positive findings on such measures. Finally, only Raust and colleagues (2007) measured updating (using a spatial n-back task) -while they found that participants with a prior suicide attempt performed significantly worse on this task, the effect became non-significant when statistically controlling for self-reported motor impulsivity.
A few studies amongst this set deserve special note. First and foremost, Miranda and colleagues published the only two studies included in our review that examined the relationship between EF and suicidality longitudinally (Miranda et al., 2012; Miranda et al., 2013) . Both studies showed that worse performance on the WCST prospectively predicted levels of suicidal ideation in young adults (which the second study showed was partially mediated by rumination). Of note, neither of these studies found a significant association between WCST performance and baseline suicidal ideation, and the two samples were not completely independent. Second, Burton and colleagues (2011) found that performance on some EF tasks differentiated those being treated for a suicide attempt and those being treated for suicidal ideation -specifically, attempters scored worse on the color-word Stroop but better on the WCST. Though preliminary, these findings are consistent with some other evidence that suicidal thinking and behavior can have distinct correlates (see Klonsky & May, 2014) , as well as the argument that better EF might be associated with increased risk in certain circumstances. Third, three of these studies used adolescent samples, with mixed results (Dougherty et al., 2009; Dour et al., 2011; Horesh, 2001 ). Finally, one study (Ayalon et al., 2009 ) focused on older adults and had a much larger sample than any of the others we reviewed (n = 1,712), but did not yield positive results. However, it is important to note that this study used narrow measures of both EF (a single trial of a category fluency task) and suicidality (a dichotomously scored question about passive suicidal ideation in the past month).
Mood disorder samples
Mood disorders are amongst the strongest diagnostic predictors of suicide risk (e.g., see Chen & Dilsaver, 1996 and Harris & Barraclough, 1997) . Thus, it is not surprising that the bulk of the studies we reviewed (20 of 43) examined whether EF is associated with suicidality in samples of individuals suffering from mood disorders. Like those using mixed diagnostic samples, many of these studies seem to have recruited/selected participants based specifically upon suicide attempt history (often during an inpatient hospitalization), though a few used samples that were not recruited in this fashion (comprehensive details about recruitment methods were not provided in all of these articles, and thus specific numbers are not provided here).
Overall, 65% (13 of 20) of these studies reported some evidence for a significant negative relationship between EF and suicidality (Audenaert et al., 2002; Dombrovski et al., 2008; Keilp et al., 2001 Keilp et al., , 2008 Keilp et al., , 2013 Harkavy-Friedman et al., 2006; Marzuk et al., 2005; McGirr et al., 2012b; Richard-Devantoy et al., 2011 , 2013b Swann et al., 2005; Westheide et al., 2008) , whereas 56% (10 of 18) reported significantly worse EF in participants with a history of suicidality compared to psychiatric controls (Dombrovski et al., 2008; Keilp et al., 2001 Keilp et al., , 2008 Keilp et al., , 2013 Marzuk et al., 2005; McGirr et al., 2012b; Richard-Devantoy et al., 2011 , 2013b Swann et al., 2005) . Again, some of the null findings reported could potentially be attributed to questionable power (e.g., King et al., 2000; Yen et al., 2008) , and the observed effect sizes for the positive findings varied considerably (consistent with the effect size heterogeneity reported in a recent meta-analysis by Richard-Devantoy and colleagues [2014a] ).
While some of these studies (5) used a mixed mood disorder sample, others only included individuals with unipolar depressive disorder (8) or bipolar disorder (7) diagnoses.
Examining the latter studies separately, an interesting (and potentially important) pattern emerged -specifically, the percentage of studies yielding positive results was higher for depressive disorder samples (75% overall, or 57% when focusing on comparisons with psychiatric controls) compared to bipolar disorder samples (29% or 17%). In short, the evidence for a link between EF deficits and suicidality appears stronger in depressive disorders. However, it should be noted that all of the studies that used unipolar samples appear to have selected participants on the basis of suicidality history, whereas 3 of the 7 bipolar studies did not -thus, sampling strategy is a potential confound to consider.
In contrast to those that used mixed diagnostic samples, examining the results separately within different dimensions of EF also yielded a noteworthy pattern in this set of studies. Specifically, there were a higher percentage of positive results for measures of inhibition (67%), relative to measures of shifting or fluency (27% for both). Generally, these patterns seem consistent with meta-analytic results showing a reliable association between suicidality and impaired performance on the color-word Stroop task (which measures inhibition) but not certain measures of shifting or fluency (e.g., the WCST, Trails Making, category fluency) in adults with mood disorders (see Richard-Devantoy et al., 2014a) . The results were again encouraging for the dimension of updating, though measures of this dimension were less frequently administered -specifically, only three of these studies measured this construct (Harkavy-Friedman et al., 2006; Keilp et al., 2013; Richard-Devantoy et al., 2013b) , all with positive findings.
Again, a few findings from this set of studies deserve some additional discussion. First, several studies found that the relationship between EF and suicidality was moderated by attempt severity/lethality -these studies found that EF deficits were stronger in (and possibly limited to) individuals who had made more serious suicide attempts (Keilp et al., 2001 (Keilp et al., , 2008 McGirr et al., 2012b; Richard-Devantoy et al., 2013b; Swann et al. 2005 -see also Jollant et al., 2005) , highlighting potentially important diversity in EF amongst those Bredemeier and Miller Page 9 Clin Psychol Rev. Author manuscript; available in PMC 2016 October 14.
with a history of suicidality. Similarly, two studies found that EF deficits were linked with suicidal ideation, independent of attempt history (Marzuk et al., 2005; Westheide et al., 2008) . Finally, five of these studies focused on (depressed) elderly adults (Dombrovski et al., 2008 (Dombrovski et al., , 2010 King et al., 2000; Richard-Devantoy et al., 2011 ) -the results from these studies were comparable to those using younger adult samples, with 3 of 5 (60%) yielding positive findings.
Psychotic disorder samples
Elevated suicide risk in individuals with chronic psychotic disorders (e.g., schizophrenia, schizoaffective disorder) is well documented (e.g., see Harris & Barraclough, 1997 and Meltzer, 2003) , and thus there has been longstanding interest in identifying factors that might predict those who are at risk for suicide amongst these individuals (e.g., Bolton et al., 2007) . We found six articles that tested whether EF is associated with suicidality in samples of adults with psychotic disorders. Of note, in contrast to the studies with mixed diagnostic and mood disorder samples reviewed above, none of these studies seemed to use samples initially recruited/selected on the basis of suicidality history. In other words, suicidality appears to have been a secondary outcome in all of these studies, which again should be considered as a possible confound (when comparing the results with those reviewed above).
Only two of these studies (33% - Barrett et al. 2011; Huber et al., 2012) found evidence that EF deficits were significantly associated with increased suicidality. More specifically, both studies found a negative association between recent/ongoing suicidality and performance in the EF domain of shifting. Of note, one of these effects (Barrett et al., 2011) became nonsignificant when statistically controlling for positive symptoms of psychosis. On the other hand, three studies (50% - Delaney et al., 2012; Kim et al., 2003; Nangle et al., 2006) found some evidence that a history of suicidality was associated with significantly better EF performance (but note that the samples from Delaney et al. and Nangle et al. overlapped). Richard-Devantoy and colleagues (2014b) did not review all of these studies (and were focused on memory), yet observed this same general (divergent) pattern. One study (Kim et al., 2003) tested whether greater insight (i.e., awareness of one's own condition) might mediate the positive relationship between EF and suicidality, but this hypothesis was not supported. While the small number of studies in this area clearly limits our ability to look more closely at specific dimensions of EF, evidence for this effect (EF being positively associated with suicidality) was reported within the domains of updating (2 of 2 studies), fluency (2 of 3 studies), and shifting (3 of 6 studies), but not inhibition (0 of 3 studies). All of these observed effects were small to medium in size.
Other diagnostic samples
The remaining three articles included in our review examined relations between EF and suicidality in other diagnostic groups known to have an elevated risk of suicide: individuals with temporal lobe epilepsy (see Christensen et al., 2005) , traumatic brain injury (see Simpson & Tate, 2007) , and Borderline Personality Disorder (see Paris & Zweig-Frank, 2001 ). All three studies yielded some evidence for a significant negative relationship between EF and suicidality in these populations. Legris and colleagues (2012) found that higher interference scores on the color-word Stroop task were associated with lifetime suicide attempts, suicidal ideation in the past year, and overall suicide risk (based on a composite score of suicidal behaviors) in women with Borderline Personality Disorder. The other two studies reported significantly more perseverative errors on the WCST in participants who had attempted suicide, amongst individuals with temporal lobe epilepsy (Espinosa et al., 2010) and veterans with traumatic brain injuries (Homaifar et al., 2012a) respectively. The effect sizes reported in these three studies were medium to large. Nevertheless, it should be noted that two of these studies also yielded some negative findings. Specifically, Legris and colleagues (2012) did not find a significant association between suicidality and performance on a stop-signal task in their sample, whereas Homaifar and colleagues (2012a) did not find a significant association between attempter status and commission errors on a type of continuous performance task (the Immediate and Delayed Memory Test; developed by Dougherty et al., 2004) .
Discussion
The primary goal of this paper was to review the existing evidence for an association between EF and suicidality. We found 43 published, peer-reviewed articles that explored this question -20 of these used mood disorder samples, 14 used mixed diagnostic samples, six used psychotic disorder samples, and three looked at other diagnostic groups. Collectively, the results of these studies provide tentative support for a link between EF deficits and suicidality, including some evidence that these deficits are not fully accounted for by psychological distress/disorders. However, examining these results separately within different diagnostic groups yielded an intriguing, and potentially very important, pattern. Specifically, the evidence for EF deficits being linked with increased suicidality was strongest in depressive disorder samples, followed by mixed diagnostic samples. In contrast, fewer positive findings emerged from studies that used bipolar and psychotic disorder samples, and some found evidence that suicidality is associated with better EF in those with psychotic disorders. While a few studies found promising evidence for a link between EF deficits and increased suicidality in other high-risk diagnostic populations (e.g., Borderline Personality Disorder), more research is clearly needed on those groups.
Importantly, it is not yet clear whether EF contributes to risk for suicidal thinking or behavior, as the vast majority of the existing research on this topic is cross-sectional. Likewise, there are currently no published studies examining whether EF predicts deaths by suicide. While a secondary goal of our review was to examine whether EF and suicidality might vary across different dimensions/aspects of these constructs, firm conclusions about this are difficult to draw at this time. Overall, results from the existing literature suggest that suicidality may be associated with broad (i.e., general) EF deficits, rather than unique deficits in one or more specific domain(s) of EF, given that some positive findings were reported for measures from all of the EF dimensions we examined (inhibition, shifting, updating, and fluency). There was also some indication that suicidality might be more reliably linked with inhibition deficits (as conceptualized within the Miyake et al. framework), but only in those with mood disorders. Fewer conclusions can be drawn about different aspects of suicidality, since so many of these studies simply compared individuals who had made a past suicide attempt and those who had not (and in fact, the conclusions discussed above may be limited to attempted suicide). However, there is evidence to suggest that attempt seriousness or lethality is important to consider, and perhaps also ongoing suicidal ideation. These lingering questions are closely connected with important limitations of the existing literature, which are discussed next.
Methodological limitations of existing research
Beyond the general need for more research on the topic of EF and suicidality, our review highlights several specific areas that have been relatively understudied (e.g., psychotic disorders, the EF dimension of updating) and warrant further investigation. In planning such work, it is important to ensure that future studies have adequate statistical power -while most studies we reviewed were not underpowered per se, many had sample sizes that were likely constrained by practical considerations, rather than dictated by a priori power analyses. Our hope is that this review will not only inspire more research on EF and suicidality, but also aid investigators in estimating the sample sizes needed to adequately test for hypothesized effects.
Perhaps the most glaring limitation of the existing literature on this topic is that most of the published studies are cross-sectional. Only two (non-independent) studies examined relations between EF and suicidality prospectively, and these studies focused on suicidal ideation -none have tested whether EF prospectively predicts suicidal behavior. Thus, the nature of observed links between EF and suicidality remains unclear (e.g., whether deficits in EF can be considered a risk factor in certain populations), and in turn so do the clinical implications (discussed later). Also regarding the nature of these relationships, though speculations have been made about potential mechanisms involved in observed relationships between EF and suicidality, only a few studies have statistically tested for mediation. Finally, it doesn't appear any of the studies we reviewed considered or tested for possible non-linear relationships between EF and suicidality (and note that certain sorts of non-linear effects might be masked when comparing group means). In fact, we wonder whether a non-linear relationship (e.g., suicidality increases in the context of mild EF deficits, but decreases in the context of severe ones) could possibly explain the divergent results found in studies that used psychotic disorder samples, if those samples had relatively more severe EF deficits. A simple comparison of samples means from the studies we reviewed does lend some support to this idea, though such comparisons have inherent limitations, and this idea is not clearly supported in the broader literature comparing severity of EF deficits across diagnostic populations (e.g., see Fossati et al., 1999) .
As can be seen in Table 1 , some studies used simple and potentially biased procedures for collecting data about participants' suicidality histories (e.g., reviewing medical records, unstructured interviews), while others did not provide important details about their procedures and/or employed very broad definitions of a suicide attempt. Still others used relatively narrow assessments of suicidality, such as one or a few questions from a clinical interview or questionnaire. In short, the reliability and validity of the methods used to assess suicidality is a concern for some studies we reviewed. Along these same lines, many of these studies used the same basic research design, contrasting EF in individuals who had made suicide attempts and those who had not (either psychiatric controls, "healthy" controls, or both). While this sort of methodological consistency can be valuable (e.g., to facilitate comparison and integration of findings), it also limits the conclusions that we can draw about the relationship between EF and other aspects of suicidality (e.g., suicidal ideation, aborted attempts, preparatory behavior).
The use of retrospective designs also raises an important concern regarding this particular research question -specifically, that EF deficits observed in individuals who have made suicide attempts could be the result of (brain) injuries experienced during these attempts.
While many studies did take some measures to address this (e.g., excluding those with known brain damage), we would argue that this remains an issue to consider when interpreting data from any studies on attempted suicide that used a retrospective design (e.g., since some brain injuries can be difficult to detect). Also, a number of studies recruited participants who had experienced a recent suicidal crisis and were in intensive (e.g., inpatient) treatment -not only can this limit generalizability, but there is reason to be concerned that recent/ongoing interventions (e.g., certain psychotropic medications) could impact EF. Again, while some studies took measures to address this issue (e.g., excluding those on medications known to impact EF), we would argue that it is another limitation of this widely used study design (since such measures also impact generalizability). Finally, and again related to generalizability, many studies excluded individuals with histories of substance abuse or dependence. While there is a clear methodological rationale for doing this (since substance use can impair cognitive abilities; e.g., see Peterson et al., 1990 and Lundquist, 2005) , there is a known and strong link between substance use and suicide risk (e.g., see Harris & Barraclough, 1997 and Schneider, 2009) . On this note, we are surprised no published studies have specifically aimed to examine the relationship between EF and suicidality in individuals with substance use disorders, given that EF deficits are hypothesized to play a role in the development of problematic substance use (e.g., Giancola & Tarter, 1999) .
In contrast to the methods used to assess suicidality, there was a great deal of variability in the methods used to assess EF within the studies we reviewed -while such methodological heterogeneity also has advantages (e.g., ruling out mono-method bias, testing generalizability), it complicates the interpretation of divergent findings. Also, many studies administered more than one EF measure, raising concerns about inflated risk of Type I error -some studies took measures to address this issue (e.g., using adjusted p-values), but others did not. While it can be argued that different measures tap different dimensions of EF (and thus test different hypotheses), it is important to note that many of the most commonly used tasks in the literature (e.g., the WCST, Trails Making) have been characterized as "complex" or "impure" (see Miyake et al., 2000) , in that they rely on multiple cognitive abilities (both executive and non-executive). In turn, this complicates the interpretation of results, particularly efforts to determine if separate dimensions of EF are differentially associated with suicidality. More generally, the interpretation of a single score or performance index is clouded by any sources of variance aside from the construct of interest. We attempted to address this issue in our review by integrating findings from different measures within EF dimensions across studies, but this approach has important limitations (including some ambiguity categorizing specific tasks, particularly given that "complex" tasks were commonly used) -in the next section, we discuss alternative approaches to address this issue (as well as other methodological limitations discuss above). 
Future directions for research
Rigorous and comprehensive measurement of EF-As previously mentioned, many widely used EF tasks rely on multiple cognitive abilities -as a result, performance differences can be difficult to interpret. Following work by colleagues (2000, 2012) , an alternative approach is to use simpler EF measures that were specifically designed to tap a particular dimension of EF. Further, if multiple EF tasks are administered within the same study, it is then possible to create composite or latent EF variables -this can increase statistical power (by reducing method variance), as well as address concerns about inflated risk of Type I errors. Note that our approach in this review (integrating findings from measures across studies) mirrors this, yet has key limitations (e.g., due to potential confounds across studies). Finally, alternatives to traditional performance-based measures of EF should be considered, including self/informant reports of EF and even neuroimaging. In fact, these sorts of measures could be employed as supplements (rather than alternatives) to performance tasks when feasible, and then efforts to incorporate the data into composite/ latent variables can be explored.
Rigorous and comprehensive measurement of suicidality-Future research on this topic could also benefit from using cutting-edge methods for assessing suicidality. First and foremost, the use of standardized and structured suicidality measures is critical to ensure reliability and validity of these sorts of data. Further, there is growing acknowledgment that there are a variety of important and distinguishable aspects of both suicidal thinking (e.g., intent, controllability) and suicidal behavior (e.g., aborted or interrupted attempts, preparatory behavior) that can be overlooked if not directly assessed, and that it can sometimes be challenging to distinguish suicidal behavior from NSSI (e.g., see Posner et al., 2007 and Matarazzo et al., 2013) . Emerging gold-standards in the field (e.g., the Columbia Suicide Severity Rating Scale, the [Beck] Scale for Suicidal Ideation) reflect the variety, complexity, and nuances of this broad construct, and thus can provide a more rigorous assessment of suicidality (and in turn, test of the relationship between EF and suicidality). A few studies we reviewed did employ these sorts of instruments, but we hope this will become the standard in future research on this topic.
Alternative study designs
In addition measuring EF and suicidality in a comprehensive and rigorous fashion, alternative study designs should be considered. As previously mentioned, a bulk of the existing studies on this topic used a fairly basic retrospective design, comparing individuals who had made suicide attempts and those who had not. A variety of alternative designs can and should be employed in future research, but the approach that we feel would have the most value given the current state of the literature is to conduct prospective studies examining whether EF predicts future suicidal thinking and/or behavior. Of course, in addition to the usual challenges that longitudinal research entails (e.g., difficulties with tracking/attrition), this work would be difficult given the (relatively) low incidence of suicidality in the general population (see Ten Have et al., 2009) . Beyond simply extending the length of study follow-ups, there are a variety of sampling approaches that investigators can use to help address this issue, including targeting individuals with prominent risk factors (e.g., major psychiatric disorders, family history of suicide) and/or during high-risk periods (e.g., after discharge from the hospital, after being diagnosed with a major medical problem). On this note, even when the focus of the study is on future suicidality, individuals with past suicide attempts make sense to target as well (since past attempts are strong risk factor for suicide; see Harris & Barraclough, 1997) , though longitudinal work on high-risk individuals without past attempts would help rule out the concern that EF deficits might be a consequence (rather than a cause) of suicidal behavior. Finally, it is important to keep in mind the unique ethical challenges that this sort of work would entail, as high-risk individuals cannot be studied in a completely naturalistic fashion. Yet when participants are in active treatment, differences in the type or intensity of this treatment might confound results. There are a variety of ways to address this issue as well (e.g., matching participants on current treatment, using samples that are at elevated risk but do not necessitate active treatment), but one that we feel might be particular worthwhile to consider is to examine whether EF predicts suicidality in the context of controlled clinical trials -this would have direct clinical implications (for predicting who is likely to respond to the treatments being evaluated), and there is reason to think that EF deficits might disrupt treatment engagement. Conversely, it also would be interesting to test whether improvements in EF might mediate (at least in part) the effects of established treatments for suicidality (e.g., cognitive therapy; see Brown et al., 2005) .
Exploring whether EF predicts death by suicide would unquestionably prove to be even more difficult (since completed suicides are more rare than attempts; see Nock et al., 2008) , and likely would necessitate very large samples (and in turn, very simple and efficient EF measures). Nevertheless, these sorts of efforts could certainly be considered in elevated risk populations, within contexts where: 1) a large number of patients are seen; 2) there is routine long-term follow-up; and 3) EF data might be useful for other clinical reasons (e.g., primary care settings for elderly patients, large outpatient psychiatric clinics). Alternatively, the use of "psychological autopsies" could even prove to have utility for addressing this question, to the extent that reliable and valid information about EF can be obtained from family members or acquaintances of suicide victims (note that this sort of approach is sometimes used to assess premorbid EF in individuals who have suffered brain injuries).
Useful statistical analytic strategies-As previously mentioned, employing multiple measures of EF within the same study creates the potential for computing composite variables. If three or more are administered, more sophisticated statistical approaches can be used to accomplish this, such as factor analysis or structural equation modeling. Otherwise, in the absence of specific hypotheses regarding different EF indices, it is important to consider statistical methods for limiting the chances of spurious findings (e.g., Bonferroni corrections). Further, given that it is not possible to definitely establish a causal relationship through prospective studies alone, it is important to measure and then attempt to statistically address potential confounds (i.e., "third variables") using techniques such as multiple regression (including controlling for baseline suicidality in prospective studies). That said, it is important to note that any method for addressing substantive group differences, statistical or otherwise, poses interpretive challenges (see Miller & Chapman, 2001 ). Finally, we recommend future studies formally test for non-linear associations between EF and suicidality, using techniques such as curvilinear regression (or even growth curve modeling, in prospective studies).
Exploring potential moderators-Some studies found evidence that other variables moderate the relationship between EF and suicidality, such as suicide attempt severity/ lethality. But most notably, our review suggests that this link may be moderated by clinical diagnosis, though this conclusion would be strengthened by formally testing for an interaction between diagnosis and EF in well-powered studies with mixed diagnostic samples (or, given a sufficient number of studies in each area, testing for moderation metaanalytically). In fact, it remains possible that the divergent results we observed across diagnostic groups could be explained by sampling and/or measurement differences between studies. That said, we suspect that diagnosis might simply be a proxy for other meaningful variables that will ultimately explain these divergent findings. For example, the link between EF and suicidality may be moderated by other symptoms/deficits (e.g., delusions, thought disorder) that are diagnostic of (or at least more common in) psychotic disorders.
There are other variables that we hypothesize might exacerbate the effects of EF deficits on suicidality (and thus, moderate this link), based on our current understanding of their relationship with suicide risk, most notably stressful life events (see Liu & Miller, 2014) and sleep disturbances (see Pigeon et al., 2012) . More generally, we suspect that EF inherently functions interactively with situational factors to precipitate suicidal crises, given that these deficits are generally fairly stable over time (e.g., see Biederman et al., 2007) . Further, the multidimensional nature of EF opens up the possibility that different EF dimensions could interact with one another to predict suicidality (e.g., the relationship between inhibition and attempted suicide might be stronger in people with shifting deficits) -to our knowledge, this has not been tested. Finally, while a few studies have used adolescent or elderly samples, it would be worthwhile to formally test if age moderates the relationship between EF and suicidality, given the significant developmental changes that occur in both EF (see Blakemore & Choudhury, 2006 , De Luca et al., 2003 , and Jurado & Rosselli, 2007 and rates of suicide (see CDC, 2014).
Exploring potential mediators-As previously mentioned, despite the growing number of studies that have been conducted on this topic, mechanisms that could account for links between EF and suicidality remain largely a matter of speculation. Only a few studies have directly tested hypothesized mediators. Future research should do so, focusing on variables with known links to EF as well as to suicidal thinking and/or behavior (e.g., overgeneral memory; see Williams, 2006 and Richard-Devantoy et al., 2014b) . Understanding mechanisms responsible for the observed associations between EF and suicidality would help clarify and concretize clinical implications of this research (discussed in the next section).
Since the relationship between EF and suicidality seems to vary across diagnostic groups, it may be necessary to explore the issue of mediation separately within different populationsor, using an even more sophisticated approach, test for 'moderated mediation' in mixed diagnostic samples (see Muller et al., 2005) . In fact, doing this also might help us to better understand why such group differences exist. For example, measures of inhibition might be Bredemeier and Miller Page 16 Clin Psychol Rev. Author manuscript; available in PMC 2016 October 14.
more consistently linked with attempted suicide in mood disorder samples because inhibition deficits lead to general impulse control problems (see Fikke et al., 2011 and Logan et al., 1997) that are more likely to culminate in suicidal behavior when they occur in the context of stable difficulties linked to risk for these disorders, such as rumination (see Alloy et al., 2006 and Nolen-Hoeksema et al., 2008) . In fact, such ruminative tendencies might themselves reflect persistent EF deficits (and perhaps specifically, shifting deficits; e.g., see Bredemeier et al., 2011 , Davis & Nolen-Hoeksema, 2000 , and De Lissnyder et al., 2012 and promote/exacerbate suicidal thinking (see Miranda et al., 2007 , 2013 and Marzuk et al., 2005 . Of course, this proposal is speculative and warrants testing (along with alternative accounts for these findings).
While the evidence for a positive association between EF and suicidality in some psychotic disorder samples clearly diverges from findings in mixed and mood disorder samples (none of which reported any significant positive correlations), these findings seem consistent with other evidence linking higher general intelligence with elevated suicide risk in individuals with psychotic disorders (e.g., Batty et al., 2010; De Hert et al., 2001) . A few possible mechanisms that could be responsible for such findings have been proposed (e.g., greater insight leading to more distress, greater ability to plan and execute an attempt), but have not received empirical support. Further investigation of this is clearly warranted.
Potential clinical implications
Research examining the relationship between EF and suicidality might ultimately have important clinical implications/applications. First and foremost, interventions to directly address or "remediate" EF deficits could possibly be incorporated into suicide prevention efforts. Even though EF is relatively stable, emerging evidence suggests that certain types of interventions can improve EF (e.g., cognitive training, aerobic exercise; see Diamond & Lee, 2011) . Of course, this idea critically hinges on future research determining whether or not EF deficits can be considered a true risk factor for suicidal thinking and/or behavior within a particular population.
Even if individual differences in EF do not directly contribute to suicide risk, this work still might have clinical utility if EF measures can in fact predict future suicidal thinking and/or behavior. If so, it might be appropriate to include EF measures in clinical risk assessments (see Homaifar et al., 2012b) , particularly in populations for which this data may be useful for other clinical purposes (e.g., adolescents, older adults). However, the viability of this idea hinges on the extent to which EF predicts suicidality above and beyond other variables that are traditionally examined in such risk assessments (e.g., psychiatric symptoms, hopelessness). Further, definitive estimates of effect sizes within different populations would be needed.
Conclusion
In summary, the existing literature examining the relationship between EF and suicidality provides tentative support for an association between these constructs. But importantly, this relationship appears to vary across diagnostic populations, and may be moderated by other factors as well (e.g., attempt seriousness/lethality). More research on this topic is clearly Bredemeier and Miller Page 17 Clin Psychol Rev. Author manuscript; available in PMC 2016 October 14.
needed, and we encourage investigators to consider the recommendations discussed above when pursuing this work. Ultimately, research on EF and suicidality may have important implications for suicide risk assessment and/or prevention.
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